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A METHOD FOR OBTAINING BONE MARROW BY
VERTEBRAL SPINOUS PROCESS PUNCTURE*
JOHN H. HUSS, JOHN GILBERT, AND AVERILL A. LIEBOW
A method of obtaining marrow from the vertebral spinous process
was found in use in Japan in September of 1945 when the Joint
Commission for Investigation of the Atomic Bomb arrived to assume
its duties. This technique had been extensively employed by the
hematologist, Dr. Kiku Nakao, and his associates of Tokyo Imperial
University in the earliest medical investigations of the effects of the
bomb. Its origin is apparently Japanese and was attributed by Dr.
Nakao to Dr. Sigeo Katsunuma.
The utility and simplicity of the method as demonstrated by the
Japanese were impressive. Among its advantages are: (1) The patient
faces away from the operator and is not disturbed by the sight of the
needle and the manipulation of drilling or tapping in the near vicinity
of what he considers to be his heart. Individuals subjected to both
procedures have invariably expressed their preference for the vertebral
approach. (2) The momentary pain when suction is exerted is less
in the spinous process than in the sternum, or it may not be perceived
at all. (3) Draping of the field is not necessary; the patient cannot
breathe on the operative site. (4) The spinal column offers much more
rigid support than does the sternum during the process of introducing
the needle. (5) The cortical lamina of the spinous process is thinner
and easier to penetrate than is the sternum. (6) Vital structures are
removed by many centimeters from the point of entrance into the
bone, as demonstrated in Fig. 1. With the other method, however,
penetration of the sternum has occasionally occurred, with mediastinal
hemorrhage, and there have been accidents from injury of the internal
mammary artery.
AMethod
Theease oftheprocedure isemphasized by the fact that the Japanese
simply used a number 19 needle without stylet and without benefit of
* From the Department of Pathology, Yale University School of Medicine.
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anesthesia for the patient. We have found it preferable to use the
larger needles such as the one illustrated in Fig. 1 or the frequently em-
ployed needle of Klima-Schleicher.* The former is very satisfactory and
was used in the B29 planes for giving intrasternal infusions of plasma.
Both have rather short bevels and are obtruded by sharp stylets whose
bevels should come flush with those of the needles.
The lower thoracic or upper lumbar vertebrae are most convenient
and contain ample cancellous bone. A large square of the back sur-
rounding the designated spinous process is iodinized and further pre-
pared with alcohol. The operator's fingers are iodinized or, preferably,
aseptically gloved. The interspaces above and below the process are
outlined by palpation. The skin and periosteum of the spinous process
are anesthetized with 2 per centnovocaine. It is wise to use a hypodermic
needle for introducing the novocaine and to follow this with a number
19 needle. This creates a tiny incision in the skin which makes the
introduction of the larger marrow puncture needle easier. The cutting
tip of the latter is pressed firmly against the mid-portion of the spinous
process just beyond its tip. Right-handed operators will find the right
side of the spine more convenient. The needle is directed forward but
also somewhat upward and medially. It can be introduced by a drilling
motion with pressure, or by gentle tapping with a small mallet. In
either case there is a slight "give" when the cancellous bone is entered.
At this moment the needle becomes firmly fixed in the position shown
in Fig. 1. The stylet is removed, and a syringe, 5 cc. or less in capacity, is
inserted in its place. Gentle suction is applied and no more marrow and
blood are withdrawn than will fill the first 0.1 or 0.2 cc. of the syringe.
Films are made by the slide or, preferably, the cover-slip technique in
the same manner as are ordinary blood smears.
The method of staining was with Wright's followed by Giemsa's
solution. The cover slips are flooded with Wright's stain for 3 minutes,
following which M/15 phosphate buffer at pH 6.8 to 6.9 is added in
approximately equal volume and allowed to remain for 8 minutes.
The stain is then rinsed off and the cover slips are immersed in a 2 per
cent solution of Giemsa stain in the buffer for a period of time de-
termined by microscopic inspection of the marrow film. This interval
is usually in the neighborhood of 20 minutes. Wright's stain gives the
warmer violet tones, while the immersion in the dilute Giemsa allows
a more accurate control of the staining process which is necessary in
the case of non-homogeneous marrow spreads. Thus the thicker parts
of the smear are well stained, without overstaining the thinner portions.
Made by V. Mueller, Chicago.
292FIG. 1. Horizontal section across the mid-portion of
the first lumbar vertebra. The needle is shown in situ.
Note the abundant cancellous bone and thin wall of the
spinous process...I e : W
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FIG. 2. Sternal marrow obtained on Oct. 29, 1947.
FIG. 3. Vertebral marrow obtained on Oct. 29, 1947.
FIG. 4. Tissue from sternum obtained on Nov. 4, 1947.
FIG. 5. Tissue from spinous process of L-2 obtained on Nov. 4, 1947.
FIG. 6. Cells of carcinoma of the prostate in vertebral marrow. Compare their size with the
leukocytes in the same smear. Diagnosis later confirmed at necropsy.
FIG. 7. Detail of Fig. 6 showing coarsely reticular nuclei with vacuoles and nucleoli of the
tumor cells.VERTEBRAL SPINOUS PROCESS PUNCTURE
Typical films from the two sources are illustrated in Figs. 2 and 3,
andthe tissues fromwhich they werederived are shown in Figs. 4 and 5.
Experimental procedure and observations
Sternal and vertebral aspirations were performed on 25 persons, 15
of whom were medical students or younger members of the staff in
apparent good health, ranging in age from 19 to 36 years. Ten were
patients, mostofwhom were under general anesthesia in preparation for
operative procedures. The diagnoses are indicated in the accompanying
tables, where also are recorded the differential counts based on 500
nucleated cells in each smear. The criteria described by Della Vida'
were employed in classifying the cells. Total cell counts were not made.
A statistical comparison of the differential counts of the sternal
and of the vertebral bone marrows for each patient was attempted by
the Chi-square test. This was based in each instance on the following 8
,arbitrary groups: Group 1: Reticulum cells, blast cells, and
promyelocytes; Group 2: Myelocytes; Group 3: Metamyelocytes; Group
4: Band forms; Group 5: Adultpolymorphonuclear leukocytes (includ-
ing eosinophiles and basophiles); Group 6: Proerythroblasts and baso-
philic normoblasts; Group 7: Polychromatophilic and orthochromic
normoblasts; Group 8: All other cells listed in table 1. By this method
it was demonstrated that only 4 of the 15 "healthy" patients lacked a
statistically significant difference between counts on the smears from the
two sources. This could have been anticipated from the work of Reich
and Kolb2 who found large differences in the proportion of polymor-
phonuclear leukocytes, as well as in the total cell counts, in marrows
obtained in successive sternal punctures of the same individual. Thus
the aspiration method as usually practised, whether from sternum or
vertebral process, appears to be no more than crudely quantitative. The
averages of the counts from the two sources and the ranges are, how-
ever, worthy of examination (table 2). The similarity of the two is
apparent; the counts based on the "diseased" patients are not strikingly
different. All of the latter were in chronic phases of illness requiring
operative procedure.
The vertebral spinous process offers an additional easily accessible
site where marrow may be obtained in the search for metastases. The
ilium has also been used for this purpose by Rubinstein.3 This method
promises to be of use especially in cases of prostatic carcinoma which
often metastasizes to the lower vertebrae and where the differential
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TABLE 1
STERNAL AND VERTEBRAL MARROW SMEARS COMPARED
DIFFERENTIAL COUNTS
"Healthy" Subjects
Subject Diag-
No. uoiss
3 Healthy
5 Healthy
6 Healthy
8 Healthy
10 Healthy
12 Healthy
13 Healthy
14 Healthy
15 Healthy
17 Healthy
19 Healthy
22 Healthy
23 Healthy
24 Healthy
25 Healthy
Source Retic.
Cells
Sternum 0.0
Vertebra 0.2
Sternum 0.0
Vertebra 0.2
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Blast.
Cells
0.4
1.2
3.4
0.4
0.8
1.0
1.0
0.4
0.4
0.2
0.4
0.4
0.4
0.4
0.4
0.4
0.8
0.4
0.0
0.0
0.8
0.0
0.4
0.0
0.2
1.6
0.6
1.0
0.6
0.8
Pro- Myel. Meta- Band Adlst
myel. myel. Forms Polys.
1.0 9.4 14.4 36.8 19.8
1.0 7.6 11.4 33.0 16.2
1.4 7.8 10.2 21.6 11.2
1.0 6.0 15.2 25.6 17.8
1.0 5.0 18.2 21.2 17.4
0.4 9.4 14.0 26.6 8.8
0.0 6.6 15.0 28.6 16.8
1.0 3.4 17.4 24.2 17.2
0.8 5.3 6.2 11.6 39.6
0.0 6.0 16.2 16.2 27.0
0.0 3.6 13.0 21.6 27.6
0.4 2.2 12.6 24.8 25.6
1.0 6.2 10.4 22.0 13.0
1.2 6.0 18.8 16.0 9.4
0.2 2.6 20.0 25.2 19.0
0.0 2.8 18.0 25.0 23.0
0.6 3.2 13.6 21.8 12.6
0.2 2.8 17.4 21.2 23.4
0.4 1.2 12.8 31.2 18.4
0.2 1.0 14.2 29.8 19.0
0.4 1.2 20.6 26.0 8.0
0.2 1.0 24.4 22.6 11.0
0.4 1.2 18.8 26.4 19.2
0.2 0.8 23.6 27.4 20.0
0.8 5.0 24.2 25.2 17.6
0.8 3.8 29.6 23.4 6.0
0.2 1.0 24.4 22.0 14.2
1.0 1.4 24.0 20.0 22.4
0.4 4.0 23.2 25.0 9.2
0.2 3.8 25.0 21.4 11.2
Diseased Subjects
1 Hodgkin's
disease
2 Tuber-
culosis
4 Ca. of
lung
7 Hema-
chromatosis
9 Active pul-
monary T.B.
11 Abscess of
lung
16 Ca. of eso-
phagus
18 Ca. of
lung
20 Ca. of lung
with abscess
21 Pulmonary
T.B.
Sternum 0.2
Vertebra 0.2
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
Sternum 0.0
Vertebra 0.0
1.4
0.6
0.2
0.6
0.0
0.8
0.6
1.0
0.2
0.4
0.0
0.8
0.2
0.0
0.6
0.4
0.6
0.2
0.0
0.2
2.4
0.8
1.2
1.2
1.2
1.2
0.8
1.8
0.6
0.0
1.2
0.2
0.0
0.0
0.2
0.2
1.8
0.4
0.2
0.0
6.6 23.4 25.8 17.6
6.4 11.4 24.0 33.4
6.4 8.4 25.4 29.2
8.4 11.0 24.8 29.0
8.4 14.8 26.8 15.6
7.4 11.4 18.4 34.0
8.2 22.2 23.2 16.4
7.6 11.6 22.2 13.0
5.6 18.8 25.0 17.2
4.8 13.6 21.6 10.8
8.6 17.2 32.6 8.8
5.8 18.2 31.0 10.6
1.6 8.8 21.0 29.4
2.0 10.8 27.0 23.0
2.0 15.8 19.4 35.0
1.6 16.4 20.2 33.0
4.2 29.2 19.8 7.2
1.6 24.2 17.0 17.8
1.4 26.0 25.0 17.6
1.8 23.8 26.4 13.8
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TABLE 1 (Continued)
STERNAL AND VERTEBRAL MARROW SMEARS COMPARED
DIFFERENTIAL COUNTS
Pro- Basoph. Polychrom. Orthe. Imm. Mature Imm. Mature Plasma Megak.
eryth. Norm. Norm. Norm. Lymph. Lymph. Mono. Mono. Cells
0.0
0.0
0.4
0.0
0.2
0.8
0.6
0.2
0.0
0.0
0.0
0.2
0.8
0.2
0.4
0.2
0.4
0.2
0.4
0.2
0.8
0.2
0.4
1.0
0.2
1.0
0.6
0.2
0.6
1.4
5.4 11.4
3.2 9.2
5.0 17.2
4.0 8.6
3.8 16.6
3.8 14.4
5.2 18.2
1.6 8.8
1.6 3.0
0.2 16.4
2.2 11.6
2.2 15.4
4.0 24.4
4.4 25.2
1.8 10.8
3.4 11.2
5.4 23.2
0.4 16.2
0.8 14.4
1.0 13.6
0.6 32.4
1.8 31.4
2.8 22.0
1.8 13.8
1.6 11.4
3.0 18.6
4.8 18.4
1.8 17.8
2.8 17.8
3.4 20.0
0.2 5.6 6.2
0.0 4.8 10.8
0.0 3.4 16.4
0.0 3.4 7.7
0.0 6.2 12.8
0.0 5.0 8.6
0.0 3.4 11.6
0.2 4.0 12.6
0.2 3.8 17.8
1.0 6.4 18.6
1.6 2.8 8.6
0.2 1.6 12.2
0.0 3.6 15.6
0.4 3.2 17.0
0.8 2.2 12.8
0.4 2.8 14.0
0.4 2.2 15.2
0.0 2.2 8.4
0.4 7.2 14.4
0.6 5.0 18.2
2.2 0.4 7.4
2.0 1.8 10.0
4.8 1.6 15.4
3.4 1.4 15.6
2.0 1.0 12.4
3.6 0.6 15.4
1.6 0.6 5.0
5.0 1.2 20.6
2.0 0.0 28.2
4.6 0.4 11.6
1.0 0.4 18.6
0.8 0.2 14.6
3.8 0.4 13.4
7.0 1.0 10.0
2.6 0.6 16.0
1.4 0.4 12.8
0.4 0.4 18.4
0.4 0.4 17.0
2.0 0.2 17.2
1.6 0.4 18.6
1.2 0.0 7.6
1.2 0.0 6.0
1.2 0.2 7.0
1.0 0.6 9.6
3.0 0.4 10.4
2.6 1.2 8.2
1.8 0.2 11.0
1.4 0.4 8.2
3.4 1.0 11.6
5.4 0.8 6.0
2.6 0.0 5.6
3.2 0.8 2.4
1.2 0.6 5.0
0.8 0.4 12.2
2.6 0.8 10.6
1.0 1.2 20.8
2.0 0.2 10.6
4.4 0.8 18.6
1.8 0.6 8.0
6.0 1.0 14.2
6.6 0.4 11.2
7.2 0.6 11.4
0.4 0.4 17.2
0.2 0.2 15.0
1.6 0.0 10.4
1.4 0.0 9.4
6.6 1.0 11.2
4.2 1.0 22.2
1.4 0.2 6.2
2.2 0.0 8.0
0.2 0.4 0.2 0.2
0.2 1.4 0.6 0.0
0.0 0.8 0.2 0.0
0.0 0.8 0.0 0.0
0.0 0.2 0.0 0.2
0.2 0.6 0.4 0.0
0.0 0.6 0.0 0.2
0.4 0.6 0.0 0.0
0.0 0.8 0.2 0.0
0.0 1.0 0.0 0.2
0.0 0.0 0.0 0.0
0.0 0.6 0.0 0.0
0.0 0.2 0.0 0.0
0.0 0.2 0.0 0.2
0.0 0.2 0.0 0.0
0.0 0.6 0.0 0.0
0.0 0.2 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.8 0.0 0.2
0.0 0.4 0.0 0.0
0.0 0.2 0.0 0.2
0.2 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.2 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.4 0.0 0.0
0.0 0.2 0.2 0.0
0.2 0.0 0.0 0.0
0.0 0.4 2.0 0.0
0.0 0.8 0.4 0.0
0.2 1.6 1.0 0.0
0.0 0.2 0.0 0.0
0.0 0.2 0.0 0.0
0.0 0.6 0.2 0.0
0.0 0.2 0.2 0.4
0.8 1.2 0.2 0.0
0.0 0.4 0.0 0.0
0.0 1.2 0.0 0.2
0.0 0.2 0.0 0.0
0.0 0.2 0.0 0.0
0.0 1.2 0.0 0.2
0.0 0.8 0.0 0.2
0.0 0.0 0.0 0.2
0.0 0.2 0.0 0.0
0.0 0.4 0.0 0.2
0.0 0.6 0.0 0.2
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0YALE JOURNAL OF BIOLOGY AND MEDICINE
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diagnosis from Paget's disease of bone often arises. In this regard only
smears yielding carcinoma cells are of value (Figs. 6 and 7). This
application of the technique is being further explored.
Summary andconclusions
A method of obtaining bone marrow from the spinous processes is
described which is more convenient both for the patient and operator
and less dangerous than is the sternal puncture. Marrow comparable
tothatfrom thesternum maybeobtained, although there is considerable
variation in the differential counts, as there is in successive sternal
punctures from the same patient. Vertebral puncture has additional
value for the detection of tumor cells metastatic from the prostate or
other organs.
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